This study is part of an ongoing investigation of biomarkers in iron foundry workers exposed to polycyclic aromatic compounds. Foundry workers with the highest exposures had elevated levels of DNA adducts in their white blood cells in previous studies. The purpose of this study was to characterize the nature of DNA reactive chemicals in foundry air samples through incubating the foundry filter extract with DNA and activation enzymes. Calf thymus DNA was incubated with foundry filter extract and activated by either rat liver activation mixture (S9 mix) or xanthine oxidase. A complex pattern of adducts was observed on thin-layer chromatography (TLC) by the 32P-postlabeling assay. Two selected polycyclic aromatic hydrocarbons (PAHs)-1-NP-and anti(±)benzo[alpyrene-trans-7,8-dihydrodiol-9, 1 0-epoxide [anti (±)BPDEI-DNA adducts-were used as marker compounds in characterizing the postlabeled DNA adducts by TLC combined with high-performance liquid chromatography (HPLC). After an initial separation of DNA adducts by TLC, individual spots were isolated and separated further on HPLC. HPLC analysis and spiking with anti(±)BPDE-DNA standard confirmed the co-migration of the antil(±)BPDE-DNA standard with one PAH adduct formed by the S9 mix-activated DCM extract in calf thymus DNA.
Introduction
Humans are exposed occupationally and exhausts (1) (2) (3) (4) (5) (6) (7) (8) . Both benzo[a]pyrene environmentally to polycyclic aromatic (B[a]P) and 1-nitropyrene (1-NP) induce compounds including polycyclic aromatic mutations in bacteria and tumors in experhydrocarbons (PAHs) and nitrated PAHs. imental animals (9, 10) . B[a]P activated by PAHs are typical compounds in the atmos-oxidative metabolism leads to the formaphere of coke oven, iron, and steel found-tion of epoxides and diol epoxides that ing industries, and nitro-PAHs are found react with DNA to form a binding product in urban air, coal fly-ash, and diesel engine with the N2 atom of guanine. Reduction This paper was developed from a poster that was presented at the 2nd International Conference on Environmental Mutagens in Human Populations held [20] [21] [22] [23] [24] [25] of 1-NP leads to the formation of N-hydroxy-1-aminopyrene that undergoes an acid-catalyzed reaction with DNA and generates the main reaction product of N-(deoxyguanosin-8-yl)1-aminopyrene; two additional 6-and 8-(deoxyguanosin-N2-yl)-1-aminopyrene have also been characterized (11, 12) . Oxidative metabolism of 1-NP forms 1-NP 4,5-oxide and 1-NP 9,10-oxide, which may form additional DNA binding products (13) .
DNA adducts are important biomarkers that provide information about exposure to carcinogens, individual differences in carcinogen metabolism, and DNA repair. In this study PAH and nitro-PAH adducts formed in vitro were analyzed by the 32P-postlabeling assay combined with high-performance liquid chromatography (HPLC CT DNA (2 mg/ml) was incubated with 100 pl of DCM extract (2.66mg/ml) and 1-NP (20 pg/ml) under aerobic conditions with S9 mix (0.5 mg/ml) and under anaerobic conditions with xanthine oxidase (0.5 U/ml) and hypoxanthine (0.6 mg/ml) for 4 hr at 37°C as previously (14) (15) (16) [1979] [1980] in the same foundry (23) . The 1990 PAH measurements were determined by personal monitors worn by the workers; the B[a]P levels ranged from 2 to 60 ng/m3 (22) .
The concentration of B[a]P in the composited extract of foundry air particles was 8.2 ng/mg EOM. 1-NP was also quantitated in this extract at the concentration comparable to B[a]P (10.9 ng/mg). Figures  IA and 1B show the autoradiographs from the 1-NP-DNA standard using both nuclease P1 and butanol extraction. Figure  IC shows the anti(±)BPDE-DNA adduct standard analyzed by butanol extraction. 1-NP was only detected by the butanol extraction-enhanced 32P-postlabeling assay. The DNA adducts formed from a foundry sample show a diagonal radioactive zone of adducts obtained on both lOx 10 and 20 x 20 cm TLC from the in vitro with DCM extract-modified CT DNA using the butanol extraction-enhanced 32P-postlabeling assay (Figures 1D, IE) . The chromatography on the 20 x 20 cm TLC plates showed separation more clearly ( Figure   lE ). Foundry DNA adducts formed by xanthine oxidase were barely detectable (data not shown). In the presence of S9 mix, relatively high levels of several DNA adducts were observed. DNA adducts detected by the butanol extraction from a 300 -A foundry worker's WBC DNA showed low levels of radioactivity, and no DNA adducts were detected on the area of 1-NP ( Figure IF) . However, DNA adducts migrating close to the origin could correspond to adducts 1 and 2 detected on 10 x 10 cm TLC plates from the in vitro foundry DNA samples ( Figure 1D ). Time, min ( Figure 1D ) were not detected in foundry workers' WBC DNA. TLC combined with HPLC was used in this study to characterize PAH standards and adducts formed in CT DNA incubated with foundry filter DCM extract. Anti(±)BPDE-and 1-NP-DNA adducts were eluting close together when gradient A was used in HPLC analysis ( Figure 2A) however, the modified gradient B separated PAH standards distinctly ( Figure 2B ). Gradient A, however, was used further in this study because no 1-NP adducts were detected on TLC. The anti(±)BPDE-DNA adduct standard was used as a marker compound in HPLC analysis in characterizing PAH adducts formed in CT incubated with DCM extract (Figures 3A-H) . Figure 3A , 3C, 3E, and 3G show the HPLC analysis of four adducts obtained on both 10 x 10 or 20 x 20 cm TLC plates (Figures 1 D, I E).
These in vitro adduct residues were analyzed first by HPLC; the same four residues were spiked before the HPLC with the anti(±)BPDE-DNA adduct standard ( Figures 3B, 3D, 3F, 3H ). The main peak of adduct 2 is most probably derived from B[a]P based on co-migration with the anti(±)BPDE-DNA standard ( Figures 3C,  3D ). The development of the methodology in analyzing nitro-PAH-DNA adducts in exposed humans by these two techniques still needs to be improved; however, promising results have been reported in analyzing PAH and nitro-PAH adducts from in vivo DNA (16, (24) (25) (26) . This study confirms that the 32P-postlabeling method combined with HPLC is an applicable method for the characterization of PAH adducts in in vitro DNA exposed to complex mixtures of PAHs. The ultimate objectives of these studies are to characterize and identify specific PAH-and nitro-PAH-DNA adducts in human cells from exposed foundry workers.
